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Abstract: Clinical observations were made on 12 reindeer calves (Rangifer tarandus tarandus) experimental-
ly infected with 200-1,000 infective larvae of Elaphostrongylus rangiferi and autopsied 2.5-196 days post ino-
culation (p.i). Seven experimental animals autopsied later than 20 days p.i . all developed neurologic signs 
starting 4-8 weeks p.i . In six of these animals, signs lasted until autopsy 0-12 weeks after onset. The seventh 
animal recovered completely after a disease period lasting five months. A dose-response relationship betwe-
en the infective dose and severity of signs was observed. Clinical signs observed in all affected animals were 
paraparesis, tail paresis and posterior ataxia. Other signs included lowered head, general weakness, lame-
ness, tetraparesis, scoliosis, anal hypotonia, head and neck turn, depression and reduced vision. The prepa-
tent period was 4-4.5 months. 
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Introduction 
Nematodes of the genus Elaphostrongylus 
parasitize the central nervous system (CNS) 
a n d skeletal muscles of ruminants i n the family 
Cervidae. Four species have been descr ibed: E. 
cervi C a m e r o n 1931 a n d E. panticola L u b i m o v 
1945 f rom Cervus spp. , E. rangiferi M i t s k e v i c h 
I960 f rom reindeer (Rangifer tarandus taran-
dus), a n d E. alces Steen, C h a b a u d a n d 
Rehbinder 1989 f rom moose (Alces alces). 
Naturally occurr ing neurologic disease due 
to Elaphostrongylus infection has b e e n repor-
ted in reindeer, red deer (Cervus elaphus) and 
moose in Fennoscandinavia (Roneus & 
Nordkvis t , 1962; Grohol t , 1969; B a k k e n & 
Sparboe, 1973; Kummene je , 1974; B o r g , 1979; 
Holmström et al., 1989; Steen & Roepstorff, 
1990; H a n d e l a n d & Norberg , 1992), a n d i n 
reindeer a n d Cervus spp . i n the former USSR 
(Pryadko et al., 1963; Polyanskaya , 1965). T h e 
parasites have also been reported to cause dis-
ease i n sheep a n d goats ( H a n d e l a n d , 1991; 
H a n d e l a n d & Sparboe, 199D-
Neurolog ic disease i n cervids f o l l o w i n g 
experimental Elaphostrongylus infections has 
b e e n reported i n red deer calves (Watson, 
1983), one car ibou (Rangifer tarandus cari-
bou) and t w o moose calves (Lankester, 1977; 
Stuve & Skorp ing , 1987). 
A n infect ion experiment was carr ied out to 
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study the c l inical disease and the life cycle a n d 
the pathogenesis of E. rangiferi i n reindeer. 
Results of the life cycle a n d pathogenetic s tudi-
es are g iven in H a n d e l a n d (1994). This report 
presents c l inical observations of the animals i n 
the experiment . 
Material a n d methods 
Animals and inoculums 
of E. rangiferi were obtained f r o m naturally 
infected reindeer. Snails (Arianta arbustorum) 
were reared in the laboratory, e x p o s e d to lar-
vae a n d e x a m i n e d as descr ibed i n S k o r p i n g 
(1982). The number of snails necessary to give 
the predetermined infective dose w a s d e c i d e d 
o n the basis of the average o f 18 (SD 15) 
f o u n d i n 50 randomly p i c k e d snails. 
Fourteen 3-3.5 m o n t h o l d reindeer calves 
(l ive weight 30-44 kg) were used i n the exper i -
ment. T w e l v e of the calves were brought f r o m 
a semi-domesticated herd in the Tromsø reg ion 
o n August 20, 1992, whereas the remain ing 
t w o (Table 1; Calves 3 and 9) w e r e b o r n i n 
captivity at the Department of Arct ic B i o l o g y , 
Universi ty of Tromsø. A l l animals w e r e kept 
indoors o n a drained f loor f rom the day of arri-
val of the semi-domesticated calves. D u r i n g the 
experiment , a l l calves were fed a commerc ia l ly 
available concentrate c o m p o s e d for reindeer 
(RF 80) a d l i b i t u m , w i t h the except ion o f the 
first 3-4 w e e k s w h e n the 12 semi-domest icated 
calves were also fed fresh grass. 
O n August 20, 12 calves w e r e g i v e n an 
aqueous suspens ion of squashed snails contai-
n i n g approximate ly 200, 300 or 1,000 b y 
s tomach tube (Table 1). T w o remain ing calves 
w e r e kept as controls . 
Cal f 5 refused to eat the concentrate, c o n s u -
m e d o n l y smal l amounts of grass a n d d i e d 
f r o m inani t ion 20 days post inocula t ion (p.i . ) . 
The remain ing calves were anaesthetized w i t h 
barbiturates, b l e d a n d autopsied 2.5-196 days 
p . i . (Table 1). 
Clinical observations 
D u r i n g the first six weeks p . i . , w e e k l y faecal 
samples of 3 g were e x a m i n e d for after 
baermannisat ion. Thereafter, this examinat ion 
was per formed twice a week . Faecal s a m p l i n g 
started at day 0 of the experiment. 
A l l reindeer calves were s tudied dai ly w h i l e 
s tanding a n d w h i l e exercised indoors . Every 
fortnight, the animals were s tudied w h i l e exer-
c ised i n an outdoor enclosure. A n y abnormal i -
Table 1. Sex, infection dose, time of autopsy, and first observation, duration and nature of neurologic signs 
of two control and 12 experimental reindeer calves inoculated with Elaphostrongylus rangiferi. 
Calf Sex N o . of A u t o p s y A N e u r o l o g i c signs 
N o . larvae First D u r a t i o n 0 Bra in L o c o m o t o r 
obser- distur- distur- 
v a t i o n A ' B bances bances 
1 M 1,000 2.5 d p i _ _ 
2 M 1,000 4 d p i - - - -
3 F 1,000 6 d p i - - - -
4 M 1,000 12 d p i - - - -
5 M 200 20 d p i - - - -
6 M 1,000 4.5 w p i 4.5 w p i u .a . — 
7 M 1,000 6.5 w p i 4.5 w p i u-.a. • - + 
8 M 1,000 8.5 w p i 5 w p i u.a . - + 
9 M 1,000 10.5 w p i 5 w p i u.a . + + 
10 F 1,000 15 w p i 4 w p i u.a. • - + 
11 M 200 20 w p i 8 w p i u.a . - + 
12 M 300 28 w p i 5.5 w p i 5 months + + 
13 M 0 21 w p i — — - — 
14 M 0 26 w p i - - - -
dpi = days post inoculation; wpi = weeks post inoculation 
The first neurologie signs observed in all animals were disturbances of locomotion 
u.a. = until autopsy 
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ties i n their behaviour , apparent mental status, 
v i s i o n , posture a n d gait were recorded. 
Results 
Parasitological findings 
The first detection of L j of E. rangiferi was 
obta ined i n the faeces of calves 11 a n d 12 at 
4.5 and 4 months p . i . , respectively. N o n e of the 
other calves passed i n the faeces dur ing the 
experiment. 
Neurologic signs 
A summary of the neurologic signs of indiv idual 
animals in the experiment is g iven i n Table 1. 
Calves 6-10 (1000 L 3 ) : 
Calves 6-10 s h o w e d signs of l o c o m o t o r distur-
bance starting 4—5 weeks p . i . The initial signs 
were asymmetric paraparesis, posterior ataxia, 
a n d incomplete ly raised tails w h i l e m o v i n g . 
F r o m 5-6 w e e k s p . i . , calves 7-10 s h o w e d a 
reluctance to rise and move . L o w e r e d pelvis 
(Fig. 1) a n d head posit ions w e r e observed 
both w h e n standing and m o v i n g . W h i l e stand-
ing , the hocks frequently were rotated inwards 
(Fig. 2) and w h i l e moving, a tendency to k n u c k -
le over in the pelvic l imbs was not iced. 
F r o m about 8 weeks p . i . , calves 8-10 were 
observed to collapse o n their hindquarters 
w h i l e turning, and their hocks sometimes 
b o w e d outwards w h e n w a l k i n g . 
Thereafter, calves 9 and 10 gradually deve-
l o p e d a stiff, short-spaced and cautious loco-
motor pattern that also seemed to affect the 
thoracic l imbs. B o t h animals gave a n impressi -
o n of general weakness . Calf 9 also d e v e l o p e d 
signs of reduced v is ion . 
F r o m about 12 weeks p . i . , calf 10 readily 
col lapsed o n its hindquarters w h e n m o v i n g . 
L o c o m o t i o n was s low and cr ipple - l ike w i t h the 
pelvis drifting slightly to the right resulting in 
scoliosis. The pelvic l imb paresis became p r o -
f o u n d (Fig. 3). Extreme b o w i n g of the hocks to 
the right c o u l d be observed d u r i n g standing 
(Fig. 4), a n d f r o m this pos i t ion the calf fre-
quently co l lapsed o n its hindquarters. Some-
times the calf barely managed to rise. It s o o n 
became exhausted dur ing exercise and c o u l d 
easily be caught. The tail was incomplete ly rai-
sed dur ing defecation and reduced anal mus-
cular tonus was observed. The per ineal region 
a n d tail became smeared w i t h faeces. 
Calves 11-12 (200-300 L3): 
In calf 11, a slightly l o w e r e d pelvis w h e n stan-
d i n g , slight posterior ataxia w h i l e turning, a n d 
incomplete ly raised tail w h e n m o v i n g , were 
observed f r o m about 8 w e e k s p . i . These signs 
were variably present throughout the rest of 
the experiment . 
In calf 12, a moderate lameness o n the left 
pe lvic l imb appeared f rom 5.5 w e e k p . i . 
D u r i n g the f o l l o w i n g week , incomplete tail 
e levation w h e n m o v i n g , slight posterior ataxia 
and slightly l o w e r e d head and pelvis were also 
recognized . These signs remained stable or 
increased slightly d u r i n g the p e r i o d 7-20 
w e e k s p . i . H o w e v e r , a passing remiss ion of the 
pelvic l i m b lameness was observed 9-11 
w e e k s p . i . F r o m about 12 w e e k s p . i . the calf 
also s h o w e d signs of depression, a n d at 13 
w e e k s p . i . a t w o day p e r i o d w i t h a right head 
a n d neck turn was observed. 
F r o m about 20 w e e k s p . i . , al l c l in ica l signs 
of calf 12 gradual ly d e c l i n e d unti l they had 
complete ly disappeared at about 27 w e e k s p . i . 
Fig. 1. Calves 9 (left) and 10 at 7.5 weeks post 
inoculation with Elaphostrongylus rangiferi. 
Slightly to moderately lowered pelvis due to 
pelvic limb paresis; the bulk of the animal's 
weight is placed on the thoracic limbs. 
Fig. 2. Calves 9 (right) and 10 at 7.5 weeks post 
inoculation with Elaphostrongylus rangiferi. 
Inward rotation of the hocks because of pel-
vic limb paresis. 
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Fig. 3. Calf 10 at 13.5 weeks post inoculation with 
Elaphostrongylus rangiferi. Profound pelvic 
limb paresis. Markedly lowered head and 
pelvis, pelvic limbs widely spaced, and the 
bulk of the animal's weight is placed on the 
thoracic limbs. 
Fig. 4. Calf 10 at 13.5 weeks post inoculation with 
Elaphostrongylus rangiferi. Right rotation of 
the hocks because of pelvic limb paresis. 
Discussion 
A l l seven infected reindeer calves autopsied 
later than day 20 p . i . d e v e l o p e d signs of neur-
logic disturbances. In infection experiments 
w i t h E. rangiferi i n goats and sheep us ing s i m i -
lar inoculums to the present study, o n l y six of 
17 goat kids a n d none of seven lambs autopsi-
e d later than 20 days p . i . d e v e l o p e d signs o f 
neurologic disturbances ( H a n d e l a n d & 
Skorping , 1993; H a n d e l a n d et al, 1993). Thus , 
E. rangiferi seems to be most pathogenic i n 
reindeer, intermediately pathogenic i n goats, 
and least pathogenic i n sheep. The pruritus 
that c o m m o n l y occurred in the exper imental ly 
infected goats a n d sheep was not observed i n 
reindeer. 
Asymmetr i c paraparesis, tail paresis a n d 
posterior ataxia were the most c o m m o n neuro-
logic signs", observed i n a l l affected calves in 
the present study. Posterior l o c o m o t o r distur-
bances were also the most frequently reported 
signs i n naturally E. rangiferi infected reindeer 
(Roneus & Nordkvis t , 1962; B a k k e n & 
Sparboe, 1973; Kummene je , 1974), goats 
( H a n d e l a n d & Sparboe, 199D a n d sheep 
( H a n d e l a n d , 199D, as w e l l as in exper imenta l -
ly E. rangiferi infected goats ( H a n d e l a n d & 
Skorping , 1993). These were also the most fre-
quent ly reported signs i n E. alces infected 
moose (Stuve & Skorp ing , 1987; Steen & 
Roepstorff, 1990) and E. cervi infected Cervus 
spp . ( P r y a d k o et al., 1963; B o r g , 1979; Watson , 
1983) a n d guinea pigs (Watson & G i l l , 1985; 
D e m i a s z k i e w i c z , 1989). Thus , posterior l o c o -
motor disturbances appear to be the m a i n c l i -
nical manifestation of Elaphostrongylus infecti-
ons. 
The neuro logic signs of the reindeer calves 
started 4 - 8 w e e k s p . i . Signs appeared earlier 
a n d were more severe in calves receiving the 
larger c o m p a r e d to smaller numbers of L ^ . This 
probably reflects the presence o f a dose-
response relat ionship be tween the infective 
dose and time o f occurrence a n d severity o f 
neurologic signs. 
Six of the seven affected calves were k i l l e d 
w h i l e s h o w i n g cl inical signs, 4.5-20 w e e k s p . i . 
and 0-12 w e e k s after onset o f signs. The 
seventh calf recovered about six months p . i . , 
after a disease p e r i o d lasting five months . 
Stuve a n d S k o r p i n g (1987) reported the reco-
very f rom neurologic disease o f a moose calf 
six months p . i . w i t h E. alces, after a disease 
p e r i o d o f 3-5 months. These observations i n d i -
cate that a l o n g durat ion of c l in ica l signs may 
be expected in Elaphostrongylus-'miected cer-
vids; signs b e i n g present u p to 0.5 year p . i . 
The main infect ion of hosts probab ly takes p l a -
ce in the a u t u m n w h e n the gastropod interme-
diate hosts .are numerous a n d contain m a n y 
infective larvae (Mitskevich , 1958; P r y a d k o et 
al., 1963). This w o u l d suggest that naturally 
occurr ing disease is l ike ly to o c c u r d u r i n g w i n -
ter. Thus , Elaphostrongylus infections el ic i t ing 
l o n g lasting neurologic disease d u r i n g winter 
may be an important determinant of survival 
for cervids, especial ly in northern areas w i t h 
their l o n g a n d severe winters. 
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